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Could ionospheric variations
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A short discussion
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Abstract

A short review of published papers on the perturbations in the ionosphere due to seismogenic effects is reported.
The method to correlate different classes of phenomena as ionospheric variations and subsequent seismic events
is discussed. Even if the theoretical attempts to understand or to explain the electromagnetic phenomena in the
ionosphere, as precursors of earthquakes are not satisfactory, the reported results encourage [urther investigations.
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1. Introduction

During the last 20 years the study of geo-
physical phenomena which appear prior to a
seismic event is the subject of research of many
scientists from different disciplines like geo-
physics, hydrology, geomagnetism, atmospher-
ic physics, geochemistry, radiopropagation and
of course seismology. The result is that many
articles dealing with electromagnetic effects and
ionospheric effects, associated with earthquake
precursors, have appeared in different interna-
tional journals. Even if this reporl is mainly
related to the possible jonospheric precursors
many interesting collections of papers on the
electromagnetic effects can be found in special
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issues as, for instance in Review of Radio
Science of 1992 and 1996 (Molchanov, 1992;
Hayakawa, 1996). We mention, as an example
of this large class of studies, the first important
paper by Gokhberg ef al. (1982). This paper
reports that a wide band electromagnetic radia-
tion occurred just prior to an earthquake of 7
degree magnitude. After a period of relatively
quiet level of the radio noise at 81 kHz, an
anomalous amplitude increase of 15 dB higher
than the normal level was recorded about one-
half hour before the main shock in Japan on 31
March 1981. The amplitude of the radio-noise
wenl to its normal level just after the event. The
authors state that the intensity of the electro-
magnetic radiation is different for different earth-
quakes because of the dependence of the char-
acteristics of the electromagnetic radiation on
various factors like the magnitude of the earth-
quake, the depth of focus, the geology of the
earthquake region, the distance between epi-
center and point of observation and the condi-
tion of ionospheric propagation. Concerning the
anomalous variation of VLF emission associat-
ed with strong earthquakes, see also Morgou-
nov et al. (1994) and references therein.
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More recently, many publications refer to the
modification of the ionosphere parameters due
to seismic activity (Pulinets, 1998; Liperovsky
et al., 1998; and reference therein. These anom-
alous modifications within the ionosphere could
be registered both by ground-based measure-
ments and onboard satellites. According to Puli-
nets (Pulinets, 1998; Pulinets et al., 1997, 1998,
1999), certain irregularities occurring in the ion-
osphere are apparently caused by seismic activ-
ity and appear prior to the main seismic event.
However, variations in electron density. as at the
F-layer peak heights, seem to be recorded eve-
ry day and also within-the-hour (Kouris er af.,
2000) and can be attributed to different mecha-
nisms (Rodger e af., 1989; Davies, 1990) like
tides, winds, gravity waves, travelling ionospher-
ic disturbances und so on. Thus the guestion
arises how to distinguish the variations stimu-
lated by the seismic activity from the other kinds
of ionospheric variability. This leads to the im-
portant problem that for using ionospheric var-
iability as a precursor of earthquakes, a reliable
knowledge ol the different kinds of irregulari-
ties that appear within the ionospheric plasma is

needed to emphasise the typical shape of a seis-
moionospheric variation,

This paper aims at a short review ol the
published papers on the perturbations in the
ionospheric plasma due to seismogenic effects
and discusses the scientific method to correlate
different classes of phenomena like variations
of some ionospheric parameters and subsequent
seismic events.

2. The ionosphere and its measured
parameters

The methods and instrumentation used to
measure ionospheric electron densities are based
on the principle that an electromagnetic wave,
propagating vertically into the ionosphere, will
be retlected when the refractive index becomes
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Fig. 1. Sample ionogram: ordinary and extraordinary traces and derived ionospheric parameters. On the upper

left corner the reconstructed real electron density profile.
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altitude in electrons m * and f is the incident
wave frequency in MHz. The electron density
profile versus the altitude may be measured us-
ing increasing radio-frequency pulses. The fre-
quencies f, corresponding to absolute and rela-
live maxima of the electron density V. see fig. 1.
called critical frequencies or sometimes plasma
frequencies are given by

DN, -

Each of the ionospheric layers has a specific
N, at a given location and time, and the max-
imum frequencies at which reflection accurs by
the various layers are labelled fF, /#, and . F,
respectively. These critical frequencies are not
constant but vary diurnally, seasonally and with
the I'1-year solar activity. Only monthly median
variations are typical and can be modelled and
in some instances predicted.

The ground vertical radio-sounder, the iono-
sonde, is based on radar techniques to detect
bottom side electron densities of ionospheric
plasma by scanning the transmitting frequency
[rom 1 MHz to about 20 MHz and recording the
time delay of any received echo (see fig. 1).

The ionosphere may be also observed by
ionosondes boarded on satellite providing pro-
files above the peak. Satellite measurements are
also used to determine the integral of the elec-
tron density, along the ray path between the
satellite and the receiver, called Total Electron
Content (TEC). Profiles of electron densities
may be evaluated from TEC using tomography
and occultation,

Jo = (2.2)

3. Seismogenic effects on ionosphere

The effects on the ionosphere once an earth-
quake has occurred have been well known for
some decades. A first example of the seism
ionospheric coupling was the disturbance of the
ionosphere caused by the earthquake at Kurile
Islands on August 1969. The vertical compo-
nent of the longitudinal pressure waves, caused
by the seismic waves, moved the contours of
constant electron density layers (Weaver er al.,
1970). These acoustic gravity waves. that prop-
agate upward, present an increasing amplitude
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as the density of the neutral atmosphere de-
creases. so that displacements of the order of
millimetres on the Earth’s surface grow into
displacements of the order of kilometres at ion-
ospheric heights.

To evidence precursor phenomena in the ion-
osphere. the investigation methods proposed in
most papers published in the recent past are
based on « posieriori slatistical analysis of the
variations of one or more ionospheric parame-
ters, for example the critical frequency of the F,
layer, anomalous behaviours of the lower layers
as the £ layer and even the sporadic £ laver
(Liperovsky et al.. 1998; Pulinets, 1998; Puli-
nets ef al., 1998; Krasnov and Chshyolkova,
1999; Chen et al., 1999). These variations of the
ionospheric parameters are considered in com-
parison with a given «normal» or «quiet» iono-
sphere in a period of time associated with an
earthquake.

Recently, Liperovsky er af. (1998) analysed
many vertical ionograms taken at a distance of
220 km from the epicentre of the Kairakkum
carthquake of 1985. This case study seems to
confirm previous observations of the authors on
the disturbed conditions of the sporadic £-layer
parameter fbls, that 1s the frequency at which
the sporadic £ layer becomes semitransparent.
Such events have been observed two or three
days before a strong earthquake of magnitude
greater than 5 occurred. The physical mecha-
nisms of the seismoionospheric coupling, used
to explain the «anomalous» behaviour of an
unpredictable layer like the sporadic E, are very
complex. In fact, small turbulences and temper-
ature variations in neutral components generat-
ed by acoustic gravity waves caused by seismo-
gravitational vibrations or other electromagnet-
ic phenomena. like electrostatic fields generat-
ed by piezoelectric elfects, are taken into ac-
count in order to explain the variations,

Very promising studies have been performed
in the last few years by Pulinets er al. (1997,
1999) and Boyarchuk er af. (1997), who pro-
posed the lollowing mechanisms to explain the
lithospheric-ionospheric coupling:

1) The emanation from the ground of differ-
ent chemical substances like radon, light gases
like helium, hydrogen or submicron and metal-
lic aerosols changes the electrodynamics prop-
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erties of the atmosphere over a region originat-
ing an earthquake.

2) The generation of an electric field due to
an electrode effect in the atmosphere at ground
level, in the presence of metallic aerosol emana-
tions, leads to large scale atmospheric electric
fields of the order of kV/m.

3) The vertical [ields reach the ionosphere
and increase by joule heating the electron tem-
perature, generating small scale irregularities in
the £ layer and large scale irregularities in the
upper part of the ionosphere, perhaps through
acoustic gravity waves, fig. 2 .

They analysed measurements both from
topside and ground-based ionosondes and ap-
ply mapping techniques to show variations in
the ionospheric parameters. Thus, the Kriging
{Oliver and Webster, 1990) mapping technique
was applied to f,F, data, measured at several
ionospheric stations in Europe and fF, data
from satellite, marking anomalous variations in
the fF, frequency in the geographic area close
to the epicentre of the earthquake (Pulinets,
1998). Positive or negative variations of the
order of 1 to 5 MHz from quiet condition
values are observed during night or early morn-
ing, two to five days before the first shock
oceurs.

Finally, Chen et al. (1999) presented during
the last URST general assembly a large statisti-
cal analysis of strong scismic events preceded
by ionospheric precursors by using the above
mentioned physical mechanism and different
definition of ionespheric variation.

LR

ground level

Fig. 2. Schematic representation of the seismic-
ionospheric coupling model. £ is the natural
atmospheric electrostatic field which generates a
different distribution of the positive and negative ions
near the surface and E, is their electrode field.
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4. lonospheric variability

It is worth mentioning here some results and
definitions regarding ionospheric variability. The
«median» ionospheric electron density of the
different layers and thus their critical frequen-
cies depends strongly on the 11-year solar-cycle
variation and the position of the sun and there-
fore on the hour of day and the season of the
year. Changes in ionospheric electrodensity due
to various causes not yet well established are
also observed.

It is well known that the ionospheric electron
density varies tfrom day to day, from hour to
hour and within the hour. On the other hand,
many physical mechanisms, some of which not
well known, are responsible for the ionospheric
variability (Rodger ef al., 1989). Considering
that the ionosphere is never quiet, the definition
of a given variation from its «normal» behav-
iour is very important in these studies (Wilkin-
son, 1995).

For prediction studies and telecommunica-
tion purposes (Kouris ef af., 1998) the iono-
sphere has been defined as «disturbed» when
the absolute value of the 3-h average of the
relative deviation of fF, exceeds (0.3 at least
once. Periods of time that are not disturbed
in this sense are considered «quiet». The end
of the duration of a disturbance is assumed to
be reached when the absolute value of the
3-h average of the relative deviation of fF,
with respect to the corresponding menthly-me-
dian value is not greater than 0.2 and remains
so for at least two consecutive three-hour peri-
ods (Kouris er al., 1999), However, it is shown
(Kouris and Fotiadis, 2000) that for about 40%
of the time the variability of f F, is greater than
10%.

In addition to this natural ionospheric noise,
there exist other kinds of intense ionospheric
disturbances characterised by various durations
and various amplitudes of ionospheric density
variability. For example, ionospheric storms are
a strong source of ionospheric variability espe-
cially in the F, layer. lasting from a few to many
hours. They are usually associated with magnet-
ic storms even if they can develop independent-
ly of each other or occur in unpredictable se-
quence. In fact, ionospheric storms may have no
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relationship with the intensity of magnetic storms
and may also occur during magnetically quiet
conditions. lonospheric storms may be different
in the same location during similar magnetic
storms.

Tonospheric conditions similar to those of
the «median» ionosphere of the F -layer are
actually present only for a small percentage of
time in each month (Davies, 1990). Figure 3
reports the hourly values of f £, (continuous
line) the monthly median (dotted line) as well as
their difterences for Janvary and November 1980,
when a strong earthquake on 23rd November
occurred in Southern Italy close to the locations
where ionospheric measurcments were made.
The magnetic parameter A, is also drawn to
indicate the level of magnetic activity. In the
ligure many of the above described cases of
variability are present.

5. Discussion and conclusions

Based on a general survey of the various
already mentioned papers on electromagnetic
and ionospheric phenomena associated with
carthquakes, we denote that there exists much
experimental evidence on anomalous variations
of some ionospheric parameters, alleged to be
associated with earthquakes of a given magni-
tude that are consistent with the generation of a
strong electrostatic field. The mapping tech-
nique describing the ionospheric variations
points out a regional anomaly near in space and
time to the epicentre area, while some nuclear
weapons tests confirm the major features of the
physical mechanism proposed by Pulinets er al.
(1998).

However. in general it is important o con-
sider the following problems:

a) Many statistical analyses have been per-
formed considering the variations from the me-
dian hourly values. This means that the median
conditions are considered the normal or quict
ionosphere. Nevertheless this is not completely
true because median values were introduced in
the past mainly lo solve radio propagation links
problems but they have a disputable geophysi-
cal meaning.
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b) Magnetic quiet conditions do not always
mean quiet ionosphere. The statistical analysis
often refers, except lor the last URSI presenta-
tion, to case studies or a poor number of seismic
events, Many different elfects have been con-
sidered separately, such as the depletion of £,F ..
the anomalous behaviour of £y, variations in
TEC and hmF,, the height of the maximum
electron concentration.

¢y Are the effects observed so strong as te
overlup «the normal» ionospheric variability
caused by many internal or external mecha-
nisms?

d) Considering the large number of earth-
quakes occurring every year in the planet, may
they be considered an important source of the
natural ionospheric noise?

e) The physical and chemical mechanisms
are very complex so they need a clearer expla-
nation especially where the cause-cffect chain is
Lo vague.

) It is not enough examined the important
problem of the history of the ionospheric meas-
urements in a given place. This leads to the
usual question for a seismic precursor: how many
similar «ionospheric effects» occurred in the
past or will occur in the future without any
following seismic event?

g) The results reported by the various re-
searchers are of course fascinating and interest-
ing, but it is not clear, for example. how the
seismogenic variability can be selected from
other non-seismic variations. It is well known
that the ionosphere and especially F-layer
presents a great variability from hour to hour
and day to day. Therefore a method of selecting
the seismogenic effect should be developed,
otherwise the obtained results may be criticised
as a sort of «retrospective predictions».

A rigorous statistical method at least im-
plies:

1) Univocal definition of the hypothesis and
clear definition of the model. characterising the
concerned anomaly or precursor for them to be
well recognised in any circumstances by any
observer.

2) Observation of a sufficient number of past
cases to determine the rate at which the precur-
sor has been followed or not followed by the
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target seismic event, or the rate at which a target
event has been preceded or not preceded by the
precursor.

3) Definition of parameters that maximise
successes and minimise false alarms. See the
approuach to apply the Baves’ criterion as de-
scribed by Console (1998).

Concluding, it is now clear that the seismic
precursors of electromagnetic nature and the
possible effects in the ionosphere cannot be
neglected and need more investigations in
the future. In spite of its interesting physical
mechanisims, the ionospheric effect still appears
to be one of the numerous precursors that are
well recognised only a posteriori. This is be-
cause the statistical analysis of the ionospheric
history of the seismogenic region is not yet
convincing. It seems up to now not enough to
distinguish those variations caused by a seis-
mogenic action (then really followed by an
earthquake) from the very large series of natu-
ral variations, given by many unknown causes.
An interesting method to define the normal ion-
osphere has been recently proposed by Bele-
haki et al. (2000). A strong mathematical ap-
proach is necessary to compare the two classes
of events in order to test their univocal relation.
Of course this is valid for every kind of precur-
SOrs.

Finally, considering the interdisciplinary sub-
Jject, extreme care should be given to the inter-
pretation of the measured parameters. Data trom
satellites should be validated by ground-based
measurements, and these should be studied by
the same people who made the measurements in
order to avoid misunderstanding due to instru-
mentation problems.

Studies and methods, mainly based on com-
plex astronomical phenomena, applied at the
beginning of the 18thcentury, to solve the prob-
lem of finding the longitude of a ship a long
time after it left the harbour of origin, have
been told in a book entitled «Longitude» re-
cently published (Sobel ,1995). Even if much
money was given to astronomers and to the
British Royal Society, the problem was finally
solved by a watchmaker who was able to build
watches with no or only very small drift of
time.

401

Acknowledgements

The research activity reported here has been
performed as part of a joint Greek-Italian
research program supported by the Cultural
Cooperation (6th protocol) between the two
countries,

REFERENCES

BELEHAKL A.. G. MORAITIS and L. TSAGOURL (2000): On the
derivation of an hourly local index to define the normal
ionosphere, Ann. Geofis., 43 (1), 189-203.

BOYARCHUK, K.A., AM. LOMONOSOV, S.A. PULINETS
(1997): Electrode effect as an carthquake precursors.
BRAS Physics /Supplement Physics of Vibrations, 61
). 175

CHEN, Y.L, LY. Cou, LY. Liv and S.A. PULINETS (1999):
Statistical study of ionospheric precursors of strong
earthquakes, paper presented at the XXVith General
Assembly of URSI. [3-21 August 1999, Toronto,
Canada.

CONSOLE, R. (1998): Computer algorithms for testing
earthquake forecasting hypotheses, Internal Repori
Earthquake Research Instituwte, University of Tokyo.

DAVIES, K. (1990): lonospheric radio, IEE Electrom. Waves
Ser.. 31, pp. 580

GOKHBERG. M.B., V.A. MorGouNOv, T. YOSHIND and
I Tomizawa (1982): Experimental measurements
of electromagnetic emissions possibly related to
carthquakes in Japan, /. Geoplivs. Res., 87 (B9), 7824-
7828.

HAYAKAWA, M. (1996): Electromagnetic precursors of
carthquakes: review of rceent activities, Review Radio
Sci. 1993-1996. 807-818.

Kouris, 8.8, and D.N. Foriapis (2000): A study on
the variability of some ionospheric characteristics.
in Conference Proceedings, AP2000 Millenniwm
Conference on Antennas and Propagation. 9-14 April.
Davos, Switzerland.

Kouris, 8.8., D.N. FOTIADIS and TH, XENOS (1998): On the
day-to-day variation of £ F, and M(3000F., Adv. Space
Res., 22, 873-876.

Kouris, S§.5., D.N. FoTiabpis and B. Zovrkst (1999
Specifications ol the F-region variations for quiet and
disturbed conditions, Phyvs. Chen. Eartl, 24 (4). 321-
327.

Kouris, 8.8., B. ZoLEsL, D.N. Forianis and C. BIANCHI
(2000): On the variability within-the-hour and from
hour-to-hour of the F region characteristics over Rome,
Phys. Chem. Earth, 25 (4), 347-351.

Krasnov., V.M. and T.E. CusuvoLkova (1999):
Statistical bond between the earthquakes with M 2 4 at
the Almaty forecast polygon and ionospheric processes,
paper presented al the XXVith General Assembly of
URSI, 13-21 August 1999, Toronto, Canada.

LIPEROVSKY, V.A. O.A. ALIMOV, E.V. LIPEROVSKAYA,
C.V. MEISTER, O.A. POKHOTELOV and M. PARROT
(1998): Ionospheric effects of the Kairakkum



Stamatis S. Kouris, Paclo Spalla and Bruno Zolesi

carthquake of 1985, J. Earthguake Predict. Res., 7,
329-334.

MoLcHaNOV, QLA (1992): Wave and plasma phenomena
nside the ionosphere and the magnetosphere associated
with earthquakes, Rev. Radio Sci. 1990-1992, 591-600).

MorGouNov, V.A, \T. ONpoH and S. NAGAl (1994):
Anomalous variation of VLF signals associated with
strong earthquakes (M > 7.0). in Electromagnetic
Phenomena Related 10 Earthguakes Prediction, edited
by M. Harakawa and Y. FUunNawa (Terra Sci. Pub.
Co., Tokyo), 409-428.

OLIVER, M.A, and R. WEBSTER (1990): Kriging a method
of interpolation for geographical informations systems,
Int. J. Geogr. Inf. Syst., 4 (3), 313-332.

PULINETS, S.A. (1998): Seismic activity as a source of the
ionospheric variability, Adv. Space Res., 22 (6), 903-906.

PULINETS, S5.A., V.A, ALEKSEEV, A.D. LEGEN’KA and V. V.
KHEGAI (1997): Radon and metallic aerosols emanation
before strong earthquakes and their rele in atmosphere
and ionosphere modification, Adv. Space Res., 20 (11),
2173-2176.

402

PULINETS, S.A., A.D. LEGEN'KA and T.l. ZELENOvA
(1998): Dependence of the seismo-ionospheric varia-
tions in the F-layer maximum on the local time,
Geomagn. Aeron., 38 (3), 185-193,

PULINETS, S.A., K.A. BOYARCHUK, V.V. HEGAL V.P. Kim
and A.M. Lomonosov (1999): Quasiclectrostatic
model of atmosphere-thermosphere-ionosphere coupl-
ing, Adv. Space Res. (in press).

RODGER, A.S, G.L. WRENN and H. RISHBETH (1989);
Geomagnetic storms in the Antarctic F-region. [
Physical Interpretation, J. Atnos. Sol. Terr. Phys., 51
(11-12), 851-866.

SOBEL, D. (1995): Longirude (Walker Pub. Co. Inc.,
US.A), pp. 154,

WEAVER, P.F., P.C. YUEN and G.W. PROELSS (1970);
Acoustic coupling into the ionosphere from seismic
waves of the earthquake at Kurile Islands on August
11-1969, Nature, 226, 1239-1241.

WILKINSON, P.J. (1995): Predictability of ionospheric
variations for quict and disturbed conditions, J. Atmos.
Sol. Terr. Phys.. 57 (12), 1469-1481.






